important species cultivated in Brazil, corresponding to 95% of the planted area. The fruit has a yellow peel and guards inside it a juicy flesh full of seeds, commonly used in the production of juices. More than half of the world production is exported in the form of concentrate juice (FerrArI et al., 2004) , but in Brazil, the most popular product is a mix of pulp and concentrate juice, packed in glass bottles.
Changes in aroma compounds during storage are due to storage time and temperature, oxygen content, light exposure, container interaction and chemical contamination (GrAuMLICH et al., 1986) . Glass is considered an inert packaging material, not causing problems related to migration of compounds, i.e. does not transfer foreign flavors to the food neither absorbs compounds from the food matrix. It is also impermeable to gases and vapors, once its integrity and tightness are assured by appropriate capping. However, most Resumo for each attribute (main effect panelists and samples) and the training was considered to be concluded when none panelists × samples interaction was found. The sensory panel was then composed of five females and four males, 20-55 years of age.
Measurements of the stability experiment were performed every 30 days, in triplicates, for aroma and flavor descriptors, with the same unstructured 9-cm scale and the same standard sample used during training and selection, described above. The sensory data was submitted to statistical analyses by the Statistical Analysis System (SAS), Version 8 (Cary, uSA). Analysis of variance was performed by GLM procedure and means were tested by reGWq method. regression analysis, when necessary, was performed by the rSreG procedure.
Volatile compounds analysis
The aroma compounds were obtained by a dynamic headspace sampling technique (FrANCo; roDrIGuez-AMAYA, 1983) . After the addition of 30% w/w NaCl, 250 g of juice were put into a volatile collecting device. The compounds from passion fruit juice headspace were swept by vacuum to a Porapak Q trap 80-100 mesh (Waters-Associates) for 2 hours and then eluted with 300 μL of dichloromethane. The eluted material was called "isolate". The polymer was previously conditioned by heating at 180 °C for 24 h with the passage of pure nitrogen at 30 mL/minutes. Volatile constituents were separated on a Varian CP-Sil 8CB fused silica capillary column (30 m × 0.25 mm i.d., 0.25 μm film thickness), using a Varian CP 3800 (uSA) gas chromatograph with a flame ionization detector (FID). 1 µL of the isolate was injected in the splitless mode. The oven temperature was programmed from 30 °C to 150 °C (3 °C/minutes) and then to 220 °C (20 °C/minutes). Injector and detector were maintained at 250 °C. Hydrogen was the carrier gas at a flow rate of 1.5 mL/minutes. Analyses were made in triplicates.
Compounds were identified in a Shimadzu model GC-2010 gas chromatograph (Kyoto, Japan) coupled to a Shimadzu model QP-2010 mass spectrometer (GC/MS) at an ionization voltage of 70 eV and 1 scan/seconds MS scan range. Two capillary columns of different polarities were used: a non polar (J&W DB-5MS 30 m × 0.25 mm i.d., 0.25 μm film thickness) and a semi-polar (J&W DB-wax 30 m × 0.25 mm i.d., 0.25 μm film thickness). The temperature program was the same as described for the volatile compounds separation. Helium was the carrier gas at a flow rate of 1.0 mL/minutes. A standard mixture of n-alkanes (C8-C20) was injected to determinate linear retention indices. The identification of the volatile compounds was based on the comparison of mass spectra of unknown compounds against NIST 98 MS library data for the GC-MS and experimental and theoretical retention indices. Table 1 presents the volatile compounds detected in the headspace of passion fruit juice stored in glass bottles for 120 days. Forty volatile compounds were detected by FID and thirty-nine were identified by CG-MS. The numerical grouping of these various components, according to their chemical family, closure systems use plastic caps, which can result in some degree of migration. Moreover, glass allows the passage of light, especially if it does not receive the addition of pigments (AzereDo, 2004) . of all these factors, storage temperature is the most important (GrAuMLICH et al., 1986) . In Brazil, the room temperature is high, especially in the Northeastern region. In this context, the aim of the present study was to investigate the stability of the volatile profile and sensory characteristics (aroma and flavor) of passion fruit juice stored in glass bottles, simulating the conditions that this product is submitted to in general supermarkets and grocery stores.
Results and discussion

Materials and methods
Material
Commercial passion fruit juice, bottled in 500 mL glass bottles were obtained from a large scale Brazilian tropical juice industry. The ingredients of the bottled juice were: passion fruit pulp (min. 60%), water, concentrate passion fruit juice and additives -sodium metabisulfite, sodium benzoate, citric acid, pectin, xanthan gum and flavoring identical to natural passion fruit. Ingredients were homogenized, pasteurized and hot-filled in glass bottles.
Bottles were stored for 120 days on display shelves simulating general storage conditions used in supermarkets and grocery stores: 24 ± 1 °C by 12 hours, acclimatized ambient, followed by 12 h at 26 ± 2 °C, during store's closure.
Samples were submitted to sensory analyses at zero time storage and at every 30 days. The headspace volatile profile was examined at zero time and at every 60 days.
Sensory analysis
Selection of panel members started with fifteen individuals, all of them with a long experience in sensory analysis. Six 1-h training sessions were carried out until they were able to recognize and rate the aroma and flavor of fresh passion fruit juice. To evaluate the panel performance, panelists assessed the intensity of the fresh passion fruit characteristic aroma and flavor of three samples, in continuous unstructured scales of 9 cm, anchored "not perceptible" at the low end and "equal to standard" at the high end (MeILGAArD et al., 1999) . Standard sample was fresh home made passion fruit juice. Samples to be analyzed included two commercial brands and the standard sample. All the samples were prepared as to obtain total soluble solids content of approximately 2 °Brix. Thirty milliliters were served at 21 °C (± 2 °C), in tulip-shaped glasses covered with Petri dishes, identified by three-digit random codes.
Panelists were individually checked for abilities in discriminating the samples (high F values, p samples < 0.30) and providing repeatable results (p repetition > 0.05) two-way ANoVA (samples and repetition) for each attribute, as well as their consensus with the other members of the group, according to the methodology proposed by Damásio and Costell (1991) . Homogeneity in the group was also tested by two-way ANoVA ethyl butyrate was also found among the major compounds by Narain et al. (2004) and who reported 8.3% and 43.3%, respectively, for this compound, but neither author found so much percentage of ethyl butyrate. This great difference may be due to the fact that the analyzed product was flavored with a flavoring claimed to be "identical to natural passion fruit", but we really did not have access to this product's composition. other esters that could also be considered as major compounds were: ethyl propanoate (5.66%), and ethyl hexanoate (1.16%). ethyl hexanoate was also considered a major compound by showed a wide diversity: esters (n =10), alcohols (n = 8), terpenes (n = 7), ketones (n = 4), carboxylic acids (n = 4), aldehydes (n = 3) and hydrocarbons (n = 2). esters were the main chemical class in these passion fruit juice samples, comprising more than 90% of the chromatogram area. ethyl butyrate predominated in the samples, corresponding to more than 80% of the total area. Chen et al. (1982) (120 days). Ducruet et al. (2001) , studying the preservation of aroma quality of strawberry syrup during shelf life (225 days) in different types of packaging materials (glass, PVC, and PeT), observed that the decrease in the esters concentrations in glass bottles ranged from 40% -for ethyl 2-methylbutyrate, ethyl 3-methylbutyrate, 3-methylbutyl 3-methylbutyrate -to 80% for ethyl butyrate, hexyl acetate, 3-(e)-hexenyl acetate and octyl acetate. The authors stated that the general decrease in ester concentrations could be explained by their hydrolysis and formation of the corresponding acids and alcohols. In fact, in the present work we observed an increase in the corresponding alcohol of ester 3-methylbutyl acetate (3-methyl-1-butanol) and hexyl acetate (hexanol). We were not able to detect the corresponding alcohol of ethyl propanoate (ethanol), but it could be together with the solvent peak, since its retention index in the DB-5 column (668) is lower than the first peak detected (pentanal, 732).
other alcohols did also increase. Chassagne et al. (1999) , evaluating glicosidically bound volatile compounds in Passiflora edible fruits, found important concentrations of bound alcohols such as 3-methyl-2-butenol and 2-methyl-1-butanol. The cleavage of the glicosidic bounds in such an acidic medium during storage and the release of those alcohols could explain the increase of their amounts in the juice. Saint-eve et al. (2008) studying the effect of packaging (glass, polystyrene and polypropylene) also observed a decrease of aroma compounds in flavored yoghurt stored in glass jars for 28 days, mainly hexanal, esters ethyl hexanoate, ethyl acetate, ethyl butyrate, methyl cinnamate and terpenes limonene and linalool.
A small amount of furfural was detected in the juice at the beginning of storage, which increased with time. Lee and Nagy (1988) , studying commercial canned grape fruit juices Chen et al. (1982) and Jordán et al. (2002) . Narain et al. (2004) reported ethyl propanoate, besides propyl butyrate, hexyl acetate and hexyl butyrate among the major compounds in Brazilian passion fruits.
Among the alcohols, 1-hexanol (1.16%) was also considered a major compound. Several alcohols detected in the present work were previously reported in the literature: 1-pentanol, 1-hexanol, 3-methyl-1-butanol, (e)-3-hexen-1-ol and (z)-3-hexen-1-ol (JorDÁN et al., 2002; NArAIN et al., 2004) .
It has already been widely demonstrated that the major volatile compounds are not necessarily the ones with the highest odoriferous importance. In olfactometric works with tropical fruits (GArruTI et al., 2003; VALIM et al., 2003; many of the major compounds showed low odor intensities, and a great portion of the aromagram corresponded to peaks with little or no response at the instrumental detector (FID). Therefore, it is not very helpful to monitor major compounds if they do not bring considerable odoriferous contribution to the formation of passion fruit characteristic aroma and flavor. The most recent contributions on olfactometry of passion fruit juice are the works by Jordán et al. (2002) , and who have reported over 80 odoriferous compounds. Sandi et al. (2003) established positive correlations between esters ethyl butyrate, ethyl hexanoate, hexyl butyrate, hexyl hexanoate and the characteristic passion fruit aroma, as well as the sweet and floral aromas. The losses in the passion fruit-like and other contributor compounds can be correlated to the changes in the sensory profile. Besides, the increase in bad-odor compounds can also harm the product's quality.
Among all the odor-active compounds reported by those authors, eleven were detected in the passion fruit juice of this study in quantifiable amounts (Table 1) , and therefore, were used to be monitored during storage: ethyl propanoate (described in the cited literature as passion fruit, floral, green), 3-methyl-1-butanol (smoky, overripe), 3-methyl-2-butenol (cooked), ethyl butyrate (fruity, candy), (e)-3-hexenol (passion fruit, fruity), (z)-3-hexenol (passion fruit, green), 3-methylbutyl acetate (tutti-frutti, floral), benzaldehyde (green), ethyl hexanoate (fruity, sweet), hexyl acetate (fruity, floral, perfume) and limonene (fruity, floral, fresh, herbal). Furfural (garlic, rubber) was also detected in the samples and was chosen to be monitored because it has been widely accepted as an indicator of flavor changes of fruit juices during the heating process i.e. concentration, pasteurization or storage rANDALL, 1973; BLANCo GoMIS et al., 1991) . Figure 1 shows relative areas (Area %) concerning the eleven compounds monitored during the 120-day storage in glass bottled passion fruit juice samples. ethyl butyrate is not in the figure because its relative area was too high to fit in the graphic's scale, but we can observe in Table 1 , that ethyl butanoate showed a very small oscillation in the studied period. (e)-3-hexenol, benzaldehyde, ethyl hexanoate and limonene also showed no expressive variations (Figure 1) . However, ethyl propanoate, (z)-3-hexenol, 3-methylbutyl acetate and hexyl acetate showed to be sensitive to storage, the last was not even detected at the end of the storage time stored in different temperatures during 15 weeks, observed that a temperature elevation from 10 °C to 40 °C induced a 390-fold increase in furfural content at the end of the storage time. In the present study the juices were stored at temperatures varying from 23 to 28 °C, which favored the rapid formation of furfural in the passion juice samples.
Despite these flavor compounds variations, storage time had no effect on the sensory characteristics of passion fruit juice storage in glass bottles over 120 days storage, as shown by the two-way ANoVA ( Table 2) . As both sensory attributes (aroma and flavor) did not vary significantly between the beginning and the end of the storage period, the linear regressions were not calculated. This behavior can be explained by the predominance of ethyl butyrate in the sample (additional flavoring), which masked possible subtle sensory variations. Besides, although furfural did increase, it is known that its aroma threshold is rarely exceeded, even in juice that had suffered temperature abuse (Perez-CACHo; rouSeFF, 2008) .
Conclusions
Most of the odor-active compounds important to the characteristic fresh passion fruit flavor underwent small or no changes during the 120-day storage. Nevertheless, some of them, namely ethyl propanoate, z-3-hexen-1-ol and 3-methylbutyl acetate, slightly suffered the effects of biochemical reactions that occurs in such an acidic matrix. Some alcohols and furfural derived from degradation processes did increase, but the trained panel did not perceive impairment in the sensory quality of the juice during the studied period. 
